The Wageningen Nutritional Sciences Forum 2009 was organized on the occasion of the fortieth anniversary of the Division of Human Nutrition of Wageningen University. Since its inception in 1969, the Division has grown into one of the largest global academic training sites in nutritional science. The Division deserves credit for several major advancements in the field of nutritional science and has been well recognized for its vision, ambition and tradition of excellence. During the symposium with the title of 'Too Much, Too Little: The Future of Nutritional Science', which was organized in Burger's Zoo in Arnhem, The Netherlands, several prominent leaders in nutrition from around the world presented their perspective on a number of key issues facing the field of nutritional science today.
The symposium started off with a presentation by Dr Mike Gibney from University College Dublin on 'Too Much: Nutrition in Abundance' in a session that addressed today's challenges in nutrition. When talking about nutrition in abundance, it is evident that the major problem at stake is the growing prevalence of obesity and the projected increase in obesity-related morbidities. Dr Gibney called on nutritional scientists to come to terms with the notion that genetics plays a dominant role in explaining why some individuals end up obese, whereas others do not. One major problem that the field of nutrition has encountered in studying obesity is the underreporting of food consumption. In his view, there is no greater intellectual and scholarly challenge than underreporting, which has undermined the conclusions of too large a number of studies. A possible solution may lie in switching from a more classical reductionistic approach, focusing on individual nutrients, toward the study of food and meal patterns. Dr Gibney's final plea was toward the study of biomarkers representing metabolomic profiles, primarily from urine.
In the following presentation on 'Too Little: Nutrition Inadequacy', Dr Keith West from Johns Hopkins Bloomberg School of Public Health made the case that the single most important threat to public health on a global basis is hunger. Dr West pointed out the compound effects of under-and malnutrition on health and mortality in different age groups. Malnutrition can precipitate a vicious cycle, impairing host defenses that can increase risk of infection which then adversely affects nutritional status by increasing metabolic demands and reducing food intake and absorption. He called attention to a number of positive developments, such as the World Health Organization child growth standards, the recent WHO/UNICEF policy to include zinc with oral rehydration solution to combat diarrhea and the sustained reductions in child mortality being achieved through large-scale vitamin A supplementation programs. Despite significant progress, numerous challenges still lie ahead. Prevention of micronutrient deficiencies requires a three-pronged approach that involves dietary diversification, supplementation and fortification. The worrisome recent rise in food prices has revealed how such a global disaster can disproportionally affects the developing countries. Dr West called upon funding agencies to consider assessing long-term outcomes to characterize the full spectrum of health impact of nutritional interventions early in life.
The next session focused on the growing problem of overweight and obesity. Dr Bell from Hammersmith Hospital in London gave a very visual and entertaining presentation on body fat. Although too much body fat is associated with increased risk for several metabolic perturbations, including insulin resistance, the same is true for too little body fat as a result of lipodystrophy. It is interesting that in certain groups of obese individuals, a high-body fat content often occurs in the absence of any changes in insulin sensitivity, including in patients suffering from the Prader-Willy syndrome and in Sumo wrestlers. Using magnetic resonance imaging to assess body fat distribution, Prader-Willy syndrome patients were shown to carry very little fat in the abdominal cavity (intraabdominal fat), whereas patients with lipodystrophy exhibit large amounts of either intra-abdominal fat or intra-organ fat. Within lean (BMIo25), overweight (25oBMIo30) and obese (BMI430) groups, huge variations in intra-abdominal fat are observed, which has led Dr Bell to coin the term, TOFI, to refer to people who are Thin on the Outside but Fat on the Inside. It is evident that body fat distribution is in part determined by genetic factors, and specific genes affecting fat distribution have been uncovered. Creating a negative energy balance by either increasing energy expenditure or reducing energy intake will lead to loss of intra-abdominal fat, yet it is still unclear to what extent the actual body fat distribution can be influenced by dietary factors. Recent preclinical studies point in that direction, but attempts to extend those findings to humans are compromised by the difficulty in assessing energy intake and compliance in humans.
In the past decade, epigenetic concepts have taken nutritional science by storm. Epigenetics refers to nonsequence DNA modifications, such as methylation and acetylation, which are transmitted mitotically and likely meiotically. Dr Alexandre Vigé from INSERM in Paris gave a nice overview of epigenetics in general and specifically how epigenetic changes can be modulated by nutrition. In recent years, evidence has accumulated that maternal undernutrition, which may occur pre-conceptually, intrauterinally or postnatally, increases the risk for several chronic diseases, including cardiovascular disease and type 2 diabetes. Much of the evidence supporting this concept of fetal programing was gained by studying a cohort of children born to mothers who were pregnant during the Dutch famine of 1944-1945. Very recently, it was shown that individuals who had been prenatally exposed to the famine had less DNA methylation of the imprinted IGF2 gene six decades later, providing the first solid evidence in humans that epigenetic dysregulation may underlie fetal programing. Future study of epigenetics is important to obtain more mechanistic insights into the relation between early-life nutrition and lifetime disease risk.
In the next presentation on public health targets within weight management, Dr Shiriki Kumanyika from the University of Pennsylvania elegantly pointed out the numerous factors that influence obesity prevalence and elaborated on the complexity of battling the current obesity epidemic. In terms of public health, the goal could be defined as reducing the mean BMI of the population or of a specific group and/or reducing obesity prevalence. According to Dr Kumanyika, important questions that arise are the following: (1) How do we enable people to respond differently to the same (obesogenic) environment? and (2) Can we change the obesogenic environment? It is interesting that out of the many societal processes that influence obesity prevalence, very few are directly related to nutrition or can be adequately addressed by nutrition scientists. Thus, the question arises whether obesity should still be considered as a nutritional problem in terms of who can solve the problem. To enable effective obesity prevention, the knowledge domain should be greatly expanded and the focus should be on the macroenvironment. According to Dr Kumanyika, the integration from cell to society provides major challenges for future nutrition research. Finally, she mentioned that from a public health perspective, healthy obesity is not really a viable concept.
The next day, the Wageningen Nutritional Sciences Forum continued with a session on evidence-based nutrition for optimal health. In the first presentation, Dr Walter Willett from the Harvard School of Public Health went back in time to explain how we came to believe that fat consumption ought to be lowered to reduce risk for cardiovascular disease. Recent intervention studies, including the Women's Health Initiative, have not at all supported a major reduction in fat intake as a means to achieve weight loss and lower risk of coronary heart disease. Although the quantity of fat consumed is thus of little relevance, Dr Willett explained that changes in the type of fat consumed have a major effect on coronary heart disease risk, singling out trans fat as being particularly harmful. From the perspective of reducing risk for type 2 diabetes, attention should be given to carbohydrate quality, which combines glycemic load and the amount of cereal fiber. It has been shown that high-glycemic loads raise plasma insulin and triglyceride levels. It is interesting that the effect of glycemic load on plasma triglycerides and on coronary heart disease risk is greatest in individuals with BMI values higher than 25. He mentioned that sweetened beverages are a major contributor to glycemic loads. According to Dr Willett, a combination of behavioral changes can reduce risk for coronary heart disease and type 2 diabetes by up to 90%, which include abstinence from smoking, BMIo25, regular exercise, adherence to a proper diet and moderate alcohol consumption. Dr Willet ended by presenting a number of key issues that nutritional science needs to tackle, with the massive intake of refined starch and sugar topping the list.
In the same session, Dr Emorn Wasantwisut from Mahidol University in Thailand addressed the huge disparities in food availability and hunger between countries and regions. Although the developing countries are combating undernutrition in vulnerable populations, they are also expected to bear the burden of the effect of obesity leading to noncommunicable diseases such as type 2 diabetes, cardiovascular diseases and hypertension. Dr Wasantwisut presented a detailed account of the changes in Thailand over the past 3-4 decades, reflecting a country in transition from general malnutrition toward a rapidly increasing prevalence of overnutrition and associated chronic diseases. In Thailand, dietary habits have transformed dramatically over this period, away from cereals, fruits and vegetables toward oil crops, dairy products and meat. Since 1982, domestic sugar consumption in Thailand has increased 2.5-fold. Fat intake is currently at 24%, which, although low by western standards, represents a huge increase from a fat intake of 9% in 1960. As Thailand becomes increasingly industrialized, new products with high energy density are introduced onto the Thai market, including processed foods rich in sugar, dairy and saturated fat. A rapid expansion of the global food companies is likely to account for many of these changes. She raised the issue whether trade policy could be an appropriate mechanism for achieving dietary goals.
Low intakes of micronutrients, principally iron, zinc, vitamin A and iodine, still represent a major global health problem. In the next session on fortification of a healthy food pattern, Dr Richard Hurrell from the Federal Institute of Technology in Zurich elaborated on fortification as one of four strategies to correct micronutrient deficiencies. The other strategies are dietary diversification, supplementation and biofortification. With regard to fortification, we can differentiate between mass fortification, which represents the most cost-effective long-term approach to prevent micronutrient deficiencies, targeted fortification and market-driven fortification. Any fortification program should be properly monitored and evaluated to test effectiveness. Market-driven fortification can be considered a 'nutritional security' against reported low intakes, and should not be implemented to prevent an identified nutrient deficiency of public health significance. Dr Hurrell pointed out that because fortification results in chronic exposure, long-term safety is a key issue, especially for those nutrients for which intake may exceed the tolerable upper limit. The government has a central role in coordination and overseeing any fortification program. The main issue is to ensure health benefit in at-risk populations and to ensure potential usefulness as 'nutritional insurance', while avoiding harm from too high intakes.
In the next presentation, Dr Christine Hotz continued on the topic of biofortification, which can be defined as the process of improving the nutritive value of staple foods through either conventional breeding or genetic engineering. Dr Hotz is one of the staff members of HarvestPlus, an international consortium of researchers who work on biofortification as a strategy to address micronutrient deficiencies in developing-country populations. Key questions are whether micronutrient content can be successfully increased through breeding, whether intake of additional nutrients from staple foods will improve micronutrient status and whether farmers will adopt the modified crops. The first biofortified crop to be released was orange sweet potato, with other biofortified crops expected to follow in 2011. A randomized trial with iron-biofortified rice has yielded promising results in terms of improved serum ferritin levels. With respect to biofortification with pro-vitamin A, it is important to realize that the retinol equivalency of provitamin A varies highly between foods, but research thus far suggests that it is quite favorable for staple foods. According to Dr Hotz, acceptance of biofortified crops is a key issue that deserves continued attention and requires testing. In general, the breeding program is progressing well and the nutritional effect of biofortified crops is promising, especially for iron and vitamin A.
A topic that is currently of major interest to the European food industry is nutrient profiling. Nutrition profiling is the classification of foods according to their content of certain nutrients and is aimed at regulating claims. As chair of the working group on claims, European Food Safety Authority Panel on Dietetic Products, Nutrition and Allergies, Dr Sean Strain from the University of Ulster in Northern Ireland explained that European Food Safety Authority has an advisory function and as such is not responsible for food safety legislation. It is generally agreed that only foods (or categories) with appropriate nutrient profiles may bear nutrition and health claims to prevent misleading the consumer on its overall nutritional quality. Furthermore, foods should not be classified by nutrient profiles alone and intake and contribution of a food to the usual diet must be taken into account. Both nutrient profiles for food in general and nutrient profiles for categories of food have been considered, each with their specific advantages and disadvantages. Unfortunately, there is currently lots of disagreement within the European Union on almost any issue related to nutrient profiling, often reflecting the specific interests of the member states, which makes the overall prospect not very positive.
The final session of the symposium was devoted to the future of nutritional science.
In the first presentation of this session, Dr Michael Zimmerman from the Federal Institute of Technology in Zurich addressed the question as to what extent nutritional inadequacy may benefit from emerging technologies. Dr Zimmerman pointed out that the ambitious goals expressed in 1992 toward reducing iodine, iron and vitamin A have not been reached, and argued that embracing new technologies is essential to achieve breakthroughs. Three technologies were elaborated on in more detail: genetic engineering, nanotechnology and modeling climate change. Dr Zimmerman explained that despite continuing opposition from consumers, farmers and governments, genetic engineering aimed at biofortification may offer tremendous benefits for reducing nutrient deficiencies. In designing biofortified crops, it is important to not merely aim at increasing nutrient levels but also ensure that the enriched nutrients are bioavailable, which often necessitates a more complex strategy. With respect to nanotechnology, its potential application in nutrition is largely unexplored. He showed that decreasing the particle size of poorly soluble iron compounds using nanotechnology increases their bioavailablity, and projected a great future for nanotechnology in nutrition. Finally, the possible effect of climate change on nutrition and health in Africa was addressed. Climate change will likely have an effect, but it is extremely difficult to make accurate predictions on the changes expected in specific regions. For that reason, it is important to create improved, high-resolution models for predicting the effects of climate change on undernutrition.
Next, Dr Hannelore Daniel from the Technical University Munich gave a very lively and inspiring presentation on the technological revolution currently taking place in nutrition. She started out with a quote saying that 'Nutrition is at the threshold of new and revolutionary developments and its potential for the improvement of health are vast', which turned out to be from 1962. She subsequently explained how at any level, from genotype to phenotype, nutrition has been shown to have a major effect. In recent years, new technologies have emerged that allow for large-scale profiling at the level of the DNA transcripts, proteins and metabolites. Concrete examples of recently published studies were presented to illustrate the power of these omic technologies and their utility in answering research questions that cannot be addressed using more traditional methods. For example, analysis of the plasma proteome of several fasted individuals showed not only large interindividual differences in baseline abundance of proteins but also fasting-induced changes in the size of specific spots that were common to all subjects. For human nutrition, analysis of urinary metabolites will prove to be particularly valuable. In that context, Dr Daniel stressed the need for well-controlled human trials to define the metabolic phenotypes. Although all the technological advancements will facilitate the integration of nutritional science with other life sciences, she emphasized that progress in nutritional science is ultimately dependent on challenging scientific questions. She strongly encouraged students to get advanced training in metabolism and nutritional physiology to be able to understand the workings of the human body and to be able to appreciate the functional relevance and implications of genomics data.
The final keynote presentation of the symposium was by Dr John Mathers from the University of Newcastle, United Kingdom, who received the difficult assignment to provide a philosophical perspective on the current state of affairs of nutritional science, and particularly whether nutrition may benefit from moving away from little science to big science, big science being defined as multiple groups with complementary knowledge and expertise working together in large consortia and datasets made available in the public domain. Although big science offers many advantages and is sometimes inevitable, given the costs of certain technologies and trials, Dr Mathers was not ready to unequivocally embrace big science over little science. Big consortia bring larger problems, for example, in relation to authorship of papers and data ownership, which universities and institutes need to resolve. In addition, partnerships and trust will take time to develop, and maintaining them will be time consuming and require lots of communication. Although technology can create new opportunities for research, it is no substitute for thought. Dr Mathers made the point that it is essential to distinguish between 'big' and 'important' when considering nutrition research. It is not the scale of the enterprise (how much the research costs, how extensive the technology or how many people are involved) that matters but the importance of the problem, which is tackled and solved. Young scientists are encouraged to be creative and willing to challenge the status quo.
Looking back at the 3 days of exciting and inspiring lectures, several important concepts emerge. First of all, it is evident that nutritional problems in developed and developing countries are starting to coalesce. Although undernutrition is still the major problem in developing countries, health problems associated with overnutrition are becoming increasingly common. Conversely, developed countries are experiencing an epidemic of obesity related to overconsumption of energy, yet intake of valuable (micro) nutrients is often suboptimal, especially in vulnerable groups such as the elderly. Second, rapid advancements in technology offer huge opportunities for furthering the field of nutritional science, but cannot replace clever thinking and formulation of proper and challenging research questions. Third, contemporary problems in nutrition increasingly call for a multidisciplinary approach that involves scientists and policy makers from a broad spectrum of disciplines all the way from cell to society. As the nutrition establishment, we have the responsibility to train the next generation of nutrition scientists to allow them to successfully operate in such a diverse field and find an appropriate solution for the complex problems. As for nutritional science 2.0 and the switch from little science to big science, it is clear that we still have a long way to go to remove the boundaries and misgivings that restrict large-scale collaborations and sharing of research data.
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